The return migration of adult Atlantic salmon was investigated by analysing recaptures of individuals tagged and released as smolts in the River Altaelva and the River Halselva using a catch per unit effort approach. Although the salmon were recaptured over a large area along the coastline (from >1100 km south to > 500 km northeast of their home rivers), the results indicated a relatively accurate homeward navigation for most individuals. The straying rate to rivers other than the home river was 9%. Multi-sea-winter salmon returned earlier in the season than one-sea-winter salmon, but the geographical distribution of recaptures did not differ. Recaptures were equally distributed north and south of the home rivers, implying that salmon were arriving to the coast both north and south of their home rivers and that they may have returned from different ocean areas. This was supported by the fact that several salmon were recaptured in both the southern and northern parts of the North Atlantic Ocean, including at the Faroes, south coast of Greenland, Svalbard and in the Barents Sea. This study supports the hypothesis that the coastal phase of the natal homing in migrating fish species is neither passive nor guided by currents alone.
Introduction
Regular long-distance migrations are found in most groups of animals, like mammals, birds, fishes, crustaceans and insects (Dingle, 2014; Secor, 2015) . This includes anadromous fishes like salmonids, which spawn in fresh water where their offspring live as juveniles, before they smoltify and migrate to sea to take advantage of increased food-availability (Gross et al., 1988) . This marine feeding migration is short for some species, like brown trout (Salmo trutta L.) and Arctic char (Salvelinus alpinus L.), lasting the summer months before they return to fresh water to spawn and/or overwinter (Klemetsen et al., 2003; Jensen et al., 2015) . Other salmonids, like Atlantic salmon (Salmo salar L.) and most species of Pacific salmon (Oncorhynchus spp.) remain for one to seven years in the ocean before they return to spawn (Groot and Margolis, 1991; Klemetsen et al., 2003) .
Anadromous salmonids are known for their accurate ability to return to their natal river after ocean feeding migration (Thorpe, 1988; Keefer and Caudill, 2014) . Homeward migration of Atlantic salmon consists of two main phases: first from the ocean feeding areas to the coast, and then through coastal waters and fjords to the rivers (Hansen et al., 1993; McCormick et al., 1998; Lohmann et al., 2008; Ueda, 2012; Petersson, 2016) . For open ocean navigation, mechanisms such as a map-and-compass system, geomagnetism, visual cues, and rheotaxis in relation to oceanic currents have been suggested. The pheromone hypothesis implicates that returning salmonids are able to recognize and navigate by population-specific pheromones emitted by outward migrating smolts (Nordeng, 1977) . Another, generally more accepted, hypothesis is the olfactory imprinting hypothesis. Prior to their seaward migration, juvenile salmonids are, according to this hypothesis, imprinted on odours associated with their home river, and as adults they use these odour memories for homing (Hasler and Scholz, 1983; Dittman and Quinn, 1996; McCormick et al., 1998) . Bett and Hinch (2015) introduced a new hypothesis (the hierarchical navigation hypothesis), which unifies and expands upon these two hypotheses, positing that migrating adults rely on three types of cues in a hierarchical fashion: imprinted cues, conspecific cues, and non-olfactory environmental cues. These cues can, however, be exerted only close to the coast, near the natal river.
Seasonal movements between ocean feeding areas and spawning areas are characteristic of salmonid life histories (Klemetsen et al., 2003; Hayes and Kocik, 2014) . The feeding areas of Atlantic salmon cover large areas of the North Atlantic Ocean, Labrador Sea, Barents Sea, and Baltic Sea, but may differ among populations (Dadswell et al., 2010; Rikardsen and Dempson, 2011) . There is information on some of the open ocean feeding areas of several North American and European Atlantic salmon populations based on recaptures of tagged fish Mork et al., 2012; Reddin et al., 2012) . However, information on the marine geographic distribution of salmon in the ocean is still lacking, particularly on northern populations (Jensen et al., 1999; Rikardsen et al., 2008; Jensen et al., 2012) . Jensen et al. (2011) found more synchronous marine growth between populations originating from rivers in proximity than more distant Atlantic salmon populations. This indicates that Atlantic salmon from northern European rivers stay in other areas than fish from more southern populations and may be distributed further north in the North Atlantic Ocean and Barents Sea (Chittenden et al., 2013a; Jensen et al., 2014) . One-sea-winter (1SW) and multi-sea-winter (MSW) temperature selection would distribute individuals of the same population in a north to south gradient even in the same current system, resulting in fish of different ages being in different areas when they mature and start the homeward migration (Dadswell et al., 2010) . Hence, salmon of different age groups may use different migration routes.
The objective of the present study was to describe the return migration of 1SW and MSW Atlantic salmon towards the coast and their home rivers. Recaptures of returning adult individuals, tagged as smolts, from two nearby rivers in northern Norway were used to indicate timing, distance, and direction of return migration in coastal waters in relation to their home rivers. The spatial distribution of the recaptures was studied by analysing the variation in catch per unit effort (CPUE).
Material and methods
During 1986-2009, a total of 296 563 Atlantic salmon smolts were tagged with individually numbered Carlin tags (Carlin, 1955) and released in the River Halselva (Lat./Lon.: 70.03 N/22.98 E, n ¼ 100 415) or River Altaelva (Lat./Lon.: 69.97 N/23.38 E, n ¼ 190 909). Both rivers drain into the inner part of the Alta Fjord, with 18 km distance between the river mouths ( Figure 1 ). In total, 5 239 tagged smolts were towed from the River Altaelva and released in the Alta Fjord. These fish were combined with the fish released in the River Altaelva in the analyses, giving in total 196 148 smolts in this group. Some of the smolts (n ¼ 9 354) were wild fish tagged when they passed a Wolf trap (Wolf, 1951) in the River Halselva. The remaining fish were hatchery-reared smolts from the Talvik hatchery, which were first generation (F1) offspring of wild salmon captured in the River Altaelva. The mean annual number of smolts released was 12 356 (range 3134-22 002).
Of the tagged smolts, 1778 were reported as recaptured. All recaptures with information on recapture location (n ¼ 1611) were geographically referenced using Universal Transverse Mercator, zone 33 N. Of these, 86 individuals were recaptured in other areas of the Northern Atlantic Ocean than at the coast of Norway, while 415 were recaptured in fresh water (including the home rivers). The remaining 1110 individuals were recaptured along the coast of Norway during the return migration from the ocean (Figure 2a) . Among the coastal recaptures, 657 were caught in bag nets and 286 in bend nets. These 943 recaptures are the primary data used in this study. In addition, 167 individuals were recaptured by trolling line, rod/jig, gillnet, seine, or trawl.
For each fish, the shortest distance "as the fish swims" from the mouth of the river where they were released to the recapture site at sea was estimated by using ArcGIS 10.1 and a 50 Â 50 m raster derived from a vector map of the Norwegian territorial waters (N-50 series, Norwegian mapping authority). To distinguish between fish captured south of, north of and in the Alta Fjord, directionality was included in the analysis by dividing the recaptures into three groups based on recapture location (Figure 1 ). For recaptures in the fjord (the municipality of Alta) distances were set to zero, for recaptures north of the fjord distances were given positive values, and for recaptures south of the fjord, distances were given negative values ( Figure 1 ).
When examining the spatial distribution of recaptures, we corrected for the variation in fishing effort. Yearly data on the number of bag nets and bend nets per week for all municipalities in Norway for 1993-2010 were obtained from Statistics Norway (www.ssb.no). Bag nets and bend nets are the two gears commonly used in the Norwegian costal fishery for Atlantic salmon. Only recaptures from bag nets in the period 1993-2010 (n ¼ 415) were included in analyses correcting for fishing effort. The reasons for this is that (i) data on fishing effort prior to 1993 is not available, (ii) the bend net fisheries has been subject to numerous restrictions in the stipulations regarding fishing time during the study period, and has since 1997 been restricted to the northernmost county of Norway (Finnmark), and (iii) the unknown differences in catch efficiencies between the gears.
For all municipalities, weekly data on numbers of single and double bag nets in use per week were aggregated to yearly total bag net weeks ( Figure 2b ). Municipalities further away than the most distant recaptures were excluded from the analysis. The number of double bag nets, where fish can enter from two sides, was multiplied by two to reflect the higher catch efficiency compared with single bag nets, where fish can enter from only one side. For each year and municipality, CPUE was calculated by dividing the number of 1SW and MSW Atlantic salmon, by the total number of bag net weeks. CPUE was modelled as a function of distance from the release site using a non-parametric smoother. The smoother was fitted using a generalized additive model (GAM) with a quasi-Poisson link function.
To examine if 1SW and MSW Atlantic salmon differed in spatial distribution of recaptures, data from all years from both bag nets and bend nets were included. This was permissible as the sampling locations were the same for both groups of fish, and hence correction for fishing effort was not required.
All the statistical analyses were done using R v.3.3.1. (R Core Team, 2016) , including the GAM package (Hastie, 2016) .
Results
The coastal recaptures of the returning Atlantic salmon (n ¼ 943) covered a large geographical area of the Norwegian coastline. The southernmost recapture was in the municipality of Smøla (Lat./ Lon.: 63.52 N/07.97 E), a distance of 1115 m from the release site. The north-easternmost recapture was in the municipality of Vadsø (Lat./Lon.: 70.11 N/29.32 E), 519 km from the release site ( Figure 2a ). The number of recaptures decreased with distance from the Alta Fjord. In fact, 54% (513 of 943) of all coastal recaptures were within the municipality of Alta, close to the rivers where they were released. Distances for the coastal recaptures ranged from 674 m to 1 115 km (mean: 109 km, median: 34 km, Figure 3 ) from the release site.
CPUE of returning adult Atlantic salmon decreased with distance both to the north and south of the Alta Fjord. The trend was more variable southwards, with smaller increases in CPUE in Vesterålen and the Vefsn Fjord, 469 and 762 km south of the release site (Figures 2c and 4) .
The influence of distance on CPUE decreased from a maximum at the release site in a symmetric manner both to the north and south during the first 250 km [GAM: F ($9,4200) ¼ 7.91, p < 0.001]. Although the effect of distance northwards continued to drop and fell below zero at 400 km from the release site, the effect of distance southwards fluctuated around a low positive level until 900 km from the release site (Figure 4) .
The MSW Atlantic salmon entered the fisheries earlier than the 1SW fish (Two-sample Kolmogorov-Smirnov test; D ¼ 0.34, p < 0.01) ( Figure 5 ). The geographical distribution of coastal recaptures did not differ between 1SW and MSW fish (KolmogorovSmirnov: D ¼ 0.09, p ¼ 0.068). Also the mean (Welch t-test: t ¼ 1.30, p ¼ 0.20) and the variance (F-test: F ¼ 0.90, p ¼ 0.29) of the distance between the recapture site and release river did not differ between 1SW and MSW fish. When direction of the recaptures compared with the release site was included in the analyses (negative to the south and positive to the north), there was still no difference between 1SW and MSW Atlantic salmon in terms of mean and variance (Welch t-test: t ¼ À1.45, p ¼ 0.15; F-test: (Figure 6 ), but the distribution differed (Kolmogorov-Smirnov, D ¼ 0.10, p ¼ 0.04). However, this did not seem related to differences in the north-south distribution between 1SW and MSW fish (Fisher test with three factors: north, south, and in the fjord, p ¼ 0.27).
Of the 415 salmon recaptured in fresh water, 338 were tagged and released in the River Altaelva and 77 in the River Halselva. For salmon from the River Altaelva that were recaptured in fresh water, 91% (308 of 338) were recaptured in the River Altaelva, resulting in a straying rate of 9%. The 30 fish that strayed from their natal river were recaptured in 16 different rivers (average straying distance from the mouth of the River Altaelva to the river where they were recaptured 198 km, median 163 km, SD 167), of which 9 were recaptured in nearby rivers (<100 km away), including Halselva. Most of the recaptures were over 100 km away (17 of 21), and done in large rivers like the River Reisaelva, Kvaenangselva, Børselva, Målselva, Lakselva in Porsanger, Tanaelva, and Vefsna. Recaptures were found up to 788 km south of Altaelva (River Vefsna) and up to 358 km north-east (River Tanaelva). Eight recaptures were found in the municipality of Alta, 14 to the south and 8 to the north. The River Reisaelva had the highest number of recaptures (n ¼ 6, 162 km away).
For salmon from the River Halselva that were recaptured in fresh water, 90% (69 of 77) were recaptured in their home river, resulting in a straying rate of 10%. The remaining eight fish were recaptured in six different rivers (average straying distance from the River Halselva: 110 km, median 27 km, SD 133), of which five were recaptured in nearby rivers (<100 km away), including the River Altaelva. The other three recaptures were from the River Reisaelva, Målselva and Tanaelva (all > 100 km away). The straying rate for both rivers combined was 9% (38 out of 415).
There were 86 reported recaptures in other ocean areas than the coast of Norway, of which 53 had a reported recapture Figure 1 . Map of the study area where individually numbered Carlin-tagged Atlantic salmon were released. Alta municipality is indicated with a black square. To distinguish between fish captured south and north of the Alta Fjord, recaptures north of the fjord were given as positive distances and recaptures south of the fjord as negative distances.
Return migration of adult Atlantic salmon location. Of these, 47 were recaptured in the area north of the Faroe Islands, three were recaptured on the south coast of Greenland, two in the Barents Sea and one at Svalbard.
Discussion
The return migration of Atlantic salmon from ocean feeding areas is divided into two phases; the first phase involve a crude navigation towards the coast (Petersson, 2016) , and the second phase is a more accurate navigation to locate their home river (Bett and Hinch, 2015) . This study contributes to a better understanding of the first phase. The large geographical range of recaptures along the Norwegian coast found in this study may indicate a rather inaccurate migration from the ocean towards the coast, with individuals approaching from 1115 km south of their home river to 519 km north-east. However, despite this dispersal pattern, our results show that a large proportion of fish enter the coast close to their home river, as more than half of the coastal recaptures were reported from local waters in the municipality of Alta. Hence, the results indicate a relatively accurate navigation towards the coast for the majority of individuals. For these fish, the recapture pattern was perpendicular to the main Norwegian coastal current, which suggests that rheotaxis was not used as a navigation cue. In accordance with Hansen et al. (1993) , the directional symmetry of recaptures around the Alta Fjord strengthens the evidence that the coastal phase of the return migration of Atlantic salmon is neither passive nor guided by currents alone. The recapture locations imply that salmon moved both with (northward) and against (southward) the coastal current, which further suggests the cues used for homing were not associated with the coastal current itself (Hansen et al. 1993) . It has been suggested that salmon use geomagnetism, by detecting the Earth's magnetic field and use this as a directional cue to navigate in open sea (Lohmann et al., 2008) . The alternative hypotheses that they use geomagnetism, a map-and-compass system or imprinted cues could not be rejected. The returning Atlantic salmon were recaptured at the coast both north and south of the home rivers, with the highest CPUE within 200 km north and south of the release site, and a symmetrical decrease in CPUE in both directions. The most distant recaptures were further away in the southern than the northeastern direction, which may partly be due to the north-eastern Russian border, and a lower likelihood of recaptures being reported from Russia than within Norway. The large geographical range of the recaptures, both to the north and south of the home rivers, indicates fish were entering the coast either north of, south of or directly into the Alta Fjord, possibly as a result of returning from different feeding areas in the Atlantic Ocean. The fact that salmon from the study rivers use feeding areas both in southern and northern parts of the North Atlantic Ocean was confirmed by the oceanic recaptures. These recaptures were located north of the Faroe Islands (majority), in the Barents Sea, at the south coast of Greenland and Svalbard (the recaptures in the Barents Sea and at Svalbard are previously reported by Rikardsen et al. 2008) . Little is known about where salmon from the River Altaelva and the River Halselva feed in the ocean, but some studies confirm what we found. Jensen et al. (2014) found, by use of genetic markers, that the majority of salmon captured at Svalbard were assigned to salmon rivers in Finnmark. Finnmark is the northernmost county of Norway, where our study rivers are located. Studies of previous spawners from the River Altaelva, tagged with data storage tags as kelts, indicated the marine distribution of these fish extended from the Greenland Sea, north to Svalbard, and into the eastern Barents Sea (Chittenden et al., 2013a, b) . In the Faroe waters, salmon from most populations of the species' distribution range seem to be present, but likely at different times of the year and in different proportions (Hansen and Jacobsen, 2003; Jacobsen et al., 2012; Gilbey et al., 2017) . Thus, individual salmon from our study rivers may travel to different ocean areas, but individuals may also move over large areas during their ocean migration, as shown in Gudjonsson et al. (2015) and Strøm et al. (2017) . Dadswell et al. (2010) suggested the marine migration routes of Atlantic salmon depend on large-scale current systems, especially the North Atlantic Subpolar Gyre.
The distribution of recaptures from fisheries is highly influenced by the distribution and intensity of fishing effort. Recoveries are obtained only at locations where fishing gears are located, but the spatial distribution of the fishery can be a response to the arrival of salmon (Miller et al., 2012) . The main fisheries for Atlantic salmon in the Atlantic Ocean during our study period occurred north of the Faroe Islands and west/southwest of Greenland (Scarnecchia et al., 1991) . There are almost no fisheries that target Atlantic salmon in other ocean areas, and therefore recapture rates of tagged fish from these areas are low. The large proportion of tagged fish recaptured north of the Faroe Islands in the present study does not necessarily indicate that most of the tagged salmon migrated to this area, but rather reflects the large fishing effort in this area compared with most other ocean areas. Recaptures of tagged salmon in other open ocean areas were often a result of bycatch in fisheries targeting other fish species (Rikardsen et al., 2008) . Coastal recaptures in our study were based on catches in bag nets and bend nets. These fishing gears target salmon that have been used at fixed locations along most of the Norwegian coastline, but with a varying effort among areas. Hence, the number of recaptures will be overrepresented in areas with high densities of fishing gear. To correct for this, CPUE estimates of recaptures were used to obtain representative information on presence of tagged salmon in different coastal areas.
1SW and MSW Atlantic salmon may use different ocean areas (Scarnecchia et al., 1989; Spares et al., 2007; Dadswell et al., 2010) , and therefore return from different directions and at different times in the season. In our study, no significant differences in spatial distribution of recaptures were found between 1SW and MSW fish. Thus, the geographic pattern of recaptures did not indicate that they returned from different directions and ocean feeding areas. However, MSW fish were recaptured earlier in the year than the 1SW fish. This is in accordance with previous studies, showing a typical pattern that MSW salmon return to coastal waters earlier than 1SW salmon (Dunkley, 1986; Shearer, 1992; Jonsson et al., 2003) . The reasons for the earlier return of MSW over 1SW salmon are not known, but could be due to MSW salmon residing in ocean areas closer to the river and therefore having a shorter return migration, or simply due to MSW salmon being larger and faster swimmers. Another possible explanation is that MSW salmon return earlier than 1SW salmon as a consequence of a trade-off between added percent body mass and increased mortality risk in the ocean compared with fresh water, causing large fish to return earlier than small fish. In general, Atlantic salmon in Norway enter the rivers from May to October, and spawn in October to January (Klemetsen et al., 2003; Quinn et al., 2015) . The advantages of this behaviour are not well understood, especially considering the loss of feeding opportunities at sea (Fleming, 1996; Thorstad et al., 2008) . A reason for early arrival at spawning grounds is that it may provide a competitive advantage in acquiring spawning sites and partners, and it might be that this advantage is most pronounced for large males, which fight for access to females on the spawning grounds. In the River Altaelva 75% of the MSW salmon are females and 96% of the 1SW are males (Ugedal et al., 2008) , so the earlier return of MSW salmon could also be explained by females having an increased advantage of an early return over small males. If the development of eggs reduces the swimming capacity during upstream Return migration of adult Atlantic salmon migration, it could be advantageous for females to return earlier than males .
Atlantic salmon are known for their accurate homing to their natal river, although a small percentage of the population strays to other rivers. Of riverine recaptures, we found 9% were recaptured in another river than their home river during the recreational fisheries in Norway, which is a larger straying rate than recorded in earlier studies (3-6%; Stabell, 1984; Potter and Figure 5 . Relationship between the distance from the recapture location to the release site and recapture date (day of the year) for (a) 1SW and (b) MSW Atlantic salmon tagged and released in the River Altaelva and the River Halselva in the period 1988 to 2010. Both bend net and bag net recaptures are included. The whiskers span to the most extreme data point (no > 1.5 times the interquartile rage). The bold horizontal line is the median and the bottom and top of the box represent the 25th and 75th percentiles. Russell, 1994; Jonsson et al., 2003) . The larger straying rate might be because most of the fish in this study were hatchery-reared salmon, which may have less accurate homing than wild salmon (Stabell, 1984) . However, Potter and Russell (1994) did not find a difference in straying rate between hatchery-reared and wild Atlantic salmon in north-east England. The higher straying rate might also be a consequence of the fact that the riverine recaptures in our study were caught during the recreational salmon fisheries, which takes place in from July through August in most Norwegian rivers. This opens for the possibility that they can have been intercepted in transit to natal rivers, and thus give a higher rate than the true straying rate. Most of the strays in the present study were recaptured in nearby rivers (<100 km away), or in relatively large rivers, if further away.
In conclusion, the results in this study demonstrated large individual variation in where the returning Atlantic salmon entered the coast in relation to their home river. This could be because individuals were residing in different ocean areas when feeding, and thus returning to the Norwegian coast over a large geographical area. The results indicated a relatively accurate navigation towards the coast for the majority of the individuals-and also to the home river, with few fish being recaptured in other rivers. Return migration of adult Atlantic salmon
